Purpose Monitoring patient-reported symptoms is necessary to adjust and improve supportive care during chemotherapy. Continuing advances in computerized approaches to symptom monitoring can enhance communication about unrelieved symptoms between patients and oncology providers and may facilitate intensified symptom treatment. Methods An automated IT-based telephone monitoring system was developed to enable oncology providers to receive and act on alert reports from patients about unrelieved symptoms during chemotherapy treatment. Daily, 250 participants (randomized to treatment or attentional control) were asked to call the automated system to report presence, severity, and distress for common chemotherapy-related symptoms (1-10 scale if present). For the treatment group, symptoms exceeding preset thresholds for moderate-to-severe intensity levels generated emailed alert reports to both the patient's oncologist and oncology nurse. Results Patients reported high satisfaction and ease of use of the automated system. Over 80 % of providers reported usefulness of the symptom alert reports. Ten monitored symptoms resulted in, on average, nine moderate-to-severe intensity alerts per patient over 45 study days. However, providers rarely contacted patients after receiving alerts. There were no significant differences in change of symptom severity between the two groups (mean difference=0.06, p=0.58). Conclusion Despite patients' use of a daily symptom monitoring system and providers' receipt of information about unrelieved symptoms of moderate-to-severe intensity, oncology physicians and nurses did not contact patients to intensify symptom treatment nor did symptoms improve. Further research is indicated to determine if oncology providers initiated follow-up to intensify symptom treatment, whether symptom outcomes would improve.
Introduction
Patient-reported symptoms are important outcomes in cancer care as well as relevant endpoints in clinical trials research [1] [2] [3] [4] [5] [6] . Research consistently demonstrates that clinicians' ratings of patients' subjective symptoms underrate severity or entirely miss symptom presence, underscoring the importance of obtaining these assessments directly from patients [2] . Historically, it has been challenging to develop methods that routinely track and identify patients with poorly controlled symptoms so that modification of their symptom treatment can lead to improved outcomes [7, 8] . However with continuing advances in computerized approaches to symptom measurement, a variety of platforms now exist that efficiently capture patient-reported symptoms electronically [9] . Feasibility and patient acceptability of such approaches are widely studied and well received, yet few studies have evaluated whether using automated patient-provider communication about unrelieved symptoms actually results in improved symptom outcomes [10, 11] .
Automated approaches to symptom monitoring are ideal for patients receiving ambulatory cancer care where the vast majority of chemotherapy is provided. Ambulatory care requires patients to manage symptoms at home but often patients are inadequately prepared or forget instructions about how to deal with unrelieved symptoms [11, 12] . Instructions to call oncology providers for unrelieved symptoms are often not followed. This may be due to a lack of expectation that symptoms can be improved, hesitancy to bother busy providers, or a willingness to tolerate high levels of symptoms [7, 8] . As a result, cancer symptom management is often suboptimal [13] [14] [15] . This may lead to decreased functioning and quality of life [16] or a patient deciding to discontinue treatment due to intolerable symptom burden [14] .
Communication technology utilizing the telephone can aid clinicians in monitoring patients with chronic conditions at home including demonstrated acceptable reliability and validity for symptom monitoring [13, 15, 16] . Other work demonstrates that patients tend to reveal more to automated assessments than to clinician-administered assessments, and that they prefer automated systems when disclosing sensitive symptom information [11, 17] .
We developed an automated telephone-based symptom monitoring system to bridge the communication gap between patients and oncology providers about unrelieved symptoms during chemotherapy for patients at home [15] . The technology for the system was modeled after that used by the Medical Information Systems Unit at Boston University led by Robert Friedman, M.D., to help clinicians care for patients with chronic health conditions [7, 18] and to help patients engage in self-care [12, 19, 20] .
For this study, the telephone monitoring system was designed to assess daily symptoms during chemotherapy for patients at home and send automated alerts of unrelieved symptoms to the patient's oncology physician and nurse. We explored whether timely provider notification of poorly controlled symptoms would prompt oncology providers to communicate with patients and intensify treatment of unrelieved symptoms and could lead to improved symptom outcomes.
Methods
Design, participants, and settings A prospective, randomized parallel group clinical trial design was used; eligible and consenting participants were randomized in a 1:1 allocation within 11 oncologist/nurse provider teams to a symptom alert treatment group or attentional control. Our aims were to test whether (1) the treatment group would experience less symptom severity and distress when compared with attentional control, (2) the providers would initiate more contact with their patients in the treatment group, and (3) providers would initiate more changes to symptom treatment in the treatment group. We also explored patient and provider satisfaction with the system.
Participants were recruited from a convenience sample of four ambulatory oncology clinics in two states in the USA, including a community cancer center in the southeast, two community practices in the west, and a clinical cancer center in the west. Eleven provider teams (oncologists and nurses) were approached to participate in the study and all agreed. Patients were screened after their first cycle of chemotherapy. We excluded patients receiving concurrent radiation therapy as they would already have daily health care contact to address unrelieved symptoms. Eligible patients were to receive at least three chemotherapy cycles, were 18 years or older, had daily access to a touch tone telephone, understood English or Spanish, were physically and mentally able to participate, and reported at least one symptom of moderate or greater intensity during their first chemotherapy cycle.
Treatment and control
All patients were asked to call the automated monitoring system daily to report on ten symptoms-pain, fatigue, nausea/vomiting, fever, trouble sleeping, anxiety, depressed mood, sore mouth, diarrhea, and constipation. The symptoms were selected from the literature and confirmed in our pilot study as most frequently reported by patients receiving chemotherapy [15, 21, 22] . Patients were queried if symptoms were present in the past 24 h and, if present, they rated severity and distress on a 1-10 scale. The 1-10 numeric scale is commonly used clinically and is an accepted standard in the measurement of symptoms [23] ; questions could be stated easily on the phone and answered numerically with the touch-tone keypad. If fever was reported, the highest temperature was entered numerically; in addition, distress but not severity was measured for fever. For the treatment group, at completion of the phone call, the system immediately faxed or emailed (based on provider preference) symptom alert reports to the patient's oncologist and oncology nurse. Alert thresholds varied by symptom; they were initially established by an expert panel and then revised based on pilot work [15] . Two thresholds were set: a simple alert when severity or distress was >5 or 7 (depending on the symptom) on the 10-point scale and trend alerts based on a pattern of moderate severity over several days. For example, pain generated an alert when pain was rated at 5 or greater, whereas fatigue generated an alert at 7 or a trend alert based on a pattern of 3 out of the past 7 days reported at moderate levels (4-6). The report included not only severity and distress but a symptom profile including answers to drill-down questions such as the number of vomiting episodes, oral intake, dizziness, and use of antiemetics for nausea. Reports also included graphs of symptom patterns since the first day of chemotherapy.
The attentional control group received equivalent contact time with the automated system including identical voice and assessment questions. They understood that the data they submitted were for research purposes only and were not available for clinical action. On every call, all patients, regardless of group, were advised to call their oncology providers if they had concerns about their symptoms. In all of the participating provider teams, normal usual care procedure for unrelieved symptoms was to instruct patients to call the clinic office for symptom concerns.
Measures
We collected sociodemographic data from patient interviews and disease-and treatment-related variables from the medical record. The daily automated calls provided the symptom presence, severity, and distress data (if a symptom was present, a 1-10 scale was used to report severity and distress). Rather than a summated rating scale, we used single-item indicators to measure severity and distress-an approach recommended in outcomes research due to increased sensitivity to change [24] . Youngblut and Casper reviewed numerous clinical studies that used single-item indicators including items to measure symptom severity and concluded that single-item indicators had acceptable reliability and validity [25] . Daily calls also asked patients if they had received or initiated a contact (call or visit) with their oncology providers. If they entered yes, research staff called the participant to document specifics and whether the contact involved discussion of symptoms. In addition, patients and providers were interviewed at end of study participation about system usability and acceptability.
Procedures

Recruitment
Institutional review board approval was granted at participating organizations. Patients beginning a new chemotherapy protocol were identified, screened for eligibility after the first cycle of chemotherapy, and those eligible were invited to participate for chemotherapy cycles 2 and 3 ( Fig. 1) . Participating patients and oncology providers signed an informed consent.
Randomization and masking
Patients were stratified by provider team to ensure equivalency of the treatment and control groups within teams and then randomly assigned to treatment or attentional control. Random assignments in blocks of ten were generated for each provider stratification group. Research staff and patients did not know assignment until after informed consent. Providers were not informed of random assignment but could not be blinded as they would only receive alert reports about treatment group patients.
Research staff trained patient participants in use of the automated system. A toll-free number and personalized password were used to access the system. Calls began 24 h after chemotherapy, beginning with cycle 2, and continued through cycle 3 with an average of 45 observed days per participant.
Analysis
To begin analysis, nonparametric chi-square analysis and independent t tests were used to examine baseline equivalence between study groups, differences between participants and non-participants, and between completing participants and those who withdrew. Then, the three aims were analyzed. To test whether the groups differed on overall symptom levels for aim 1, we conducted an intent-to-treat analysis and applied a random intercepts model using SPSS Version 19. Severity and distress scores across all symptoms were the dependent variables while group was the independent variable. Also, to investigate group differences in the number of reported symptom days, we used generalized linear modeling with a negative binomial distribution and log link function (due to the high dispersion of call-day counts). We ran separate models for the number of severe, moderate, mild, and no-symptom days. For aim 2, we compared two types of contacts-provider initiated versus patient-initiated-using a chi-square analysis. For aim 3, we used chi-square analysis to compare symptom-related contact versus non-symptom-related contact between the groups.
Results
Of the 294 eligible patients, 250 (85 %) consented to participate (Fig. 1) . The majority of participants were female (76.0 %), Caucasian (91.4 %), married (72.5 %), with a mean age of 55.5 years (see Table 1 ). Comparisons of group equivalence at baseline indicated that the treatment group was overrepresented by women (chi-square 4.89; p=0.027) and breast cancer diagnosis (chi-square=9.56; p=0.023).
Six participants became ineligible during the study due to a change in treatment (Fig. 1) . Twenty-seven participants dropped from the treatment group (21 %) and 31 from the control group (26 %), a non-significant difference (p>0.05). Of those who dropped from the study, 14 of the treatment group (52 % of drops) and 13 of the control group (42 % of drops) never called the system. Of those who tried the system regardless of group assignment, some dropped because they were too sick to call (n=11; 35 %). The mean number of patients participating per practice was 23. A dropped analysis was performed to compare age, gender, and disease stage between the 27 non-callers and the 223 participants that were analyzed. Results indicated that the groups did not differ in age, or disease stage (both p values >0.05), but did differ in gender p=0.031 with males being overrepresented in the non-caller group.
There were a total of 6,509 calls into the system by 223 patients. The overall daily call adherence was 65.0 % of expected days. Results from a negative binomial regression showed no difference in average days called between treatment (M=28.72, SD =15.62) and control (M=29.69, SD=16.78), p=.66. The average call duration was 5:18 min/s (SD=2:49) with no differences between groups (p=0.22).
Symptoms were common in both groups. Table 2 shows the prevalence and mean severity of moderate-tosevere symptoms reported at least once. The frequency at which patients reported symptoms having a moderate or severe level of severity or distress at least once are summarized in Table 3 . Fatigue was the most prevalent moderate-to-severe symptom reported by 89.2 % of participants followed by trouble sleeping (74.9 %) and pain (70.4 %). Depressed mood and nausea/vomiting were also prevalent at moderate-to-severe levels in over half the patients. For the primary aim of the study, results indicate no significant difference between symptom severity or distress scores between groups (mean difference=0.06, p=0.58). In addition, there were no differences between groups in average number of no symptom days (0), mild days (1-3), moderate days (4-7), or severe symptom days (8) (9) (10) , all p values >0.05 (Tables 3 and 4). A post hoc sensitivity analysis was conducted with G*Power to access available statistical power. With a sample size of 223 participants, we had sufficient power (1 −Β)=0.91 to detect a small effect size Cohen's d=0.10 and alpha=0.05.
Even though alerts were not generated for the control group, for comparison, we calculated the number of times an alert would have been generated and found no differences between groups (p=0.80). The treatment group generated alerts to oncology providers on 1,028 call days (approximately 9 days/patient). Two or more symptoms at moderate-to-severe levels were included on 650 (63.2 %) of these alerts and 457 (44.5 %) of these alerts reported at least one symptom at severe levels (>8). Severe levels were significantly more common in the treatment group (p<0.001).
For the second aim; there were a total of 211 unscheduled contacts between patients and oncology providers (Table 5 ). There was no significant difference between treatment and control for unscheduled contacts (p =0.73). The frequency of patient-initiated vs. providerinitiated unscheduled contacts was also similar between the two groups (p=0.14).
For the third aim, control participants talked about symptoms at patient-initiated contacts (n=79; 73.0 %) somewhat more often than treatment participants (n=64; 62.0 %). However, this was not statistically different (p=0.19).
Treatment group provider-initiated contacts that resulted in an office visit were infrequent but nearly double compared to control, 18 contacts (17.5 %) versus 10 contacts (9.3 %), respectively. Provider-initiated contacts that were telephone-only were identical for both groups, two calls (1.9 %). Among the 32 provider-initiated unscheduled contacts (those resulting in office visits and/or telephone calls), the treatment group discussed symptoms more often than control, 14 (70.0 %) versus 4 (33.0 %), respectively; likely due to the small numbers, this was not a statistically significant difference, p=0.10.
What is most striking is the very few follow-up contacts by oncology providers in spite of receiving a high number of Exit interviews (n=167) were conducted with patients. Overall, 94.0 % found the automated system quite or very easy to use, 91.0 % found the call length acceptable, and 77.0 % said they were quite or very satisfied with using the system. Sixty-one percent of participants reported that the system was very much or quite helpful in keeping track of their symptoms, and 52.0 % reported that the system helped them feel like they were participating in their care. Within the treatment group (n=84), 79.0 % reported that they were quite or very confident that the automated system notified their oncology providers of their symptoms. In spite of this, only 25.0 % agreed that the system helped their doctor or nurse decrease their symptoms.
At the end of study, we also interviewed the participating oncology physicians and nurses (n=13). Eleven (85 %) were somewhat to very satisfied with the system and found the alert reports to be timely (100 %), easy to interpret (89 %), and useful (82 %). Ten (83 %) reported contacting the patient at least sometimes. Two (15 %) were not satisfied and stated that while they received the reports, they never read them. None of the providers reported having technical difficulties receiving reports. 
Discussion
The aim of this study was to evaluate the efficacy of an automated telephone monitoring system utilized by cancer patients to communicate unrelieved symptoms to their oncology providers and whether symptom outcomes would be improved as a result. Despite patients' willingness to use the system and providers' admission of the usefulness of alert reports, symptom control was not significantly better in comparison to usual care. While oncology providers received hundreds of alert reports, they did not respond as anticipated. Symptom-related provider-initiated contacts in the treatment group were more common than in the control (14 vs. 4 contacts), but it was clinically insignificant in relation to the number of unrelieved symptoms reported. While infrequent, if a provider was to contact a patient it was more likely to occur during the earlier of the two cycles measured. Treatment participants evaluated the system favorably, but, consistent with our findings of infrequent calls initiated by providers, 75.0 % of treatment participants believed that their physicians/ nurses did not use the information to improve their care. While providers rarely initiated contact, neither did patients. Symptom reports registered in the automated system documented thousands of days of moderate-to-severe symptoms in both groups, yet patients rarely called providers to address unrelieved symptoms even when patient-initiated contact is the standard approach to obtain further symptom care. Thus, patient-self-monitoring of symptoms and transmission of unrelieved symptoms to their oncology providers does not appear to be adequately used by patients. Automated monitoring systems offer an approach to overcome patient reluctance to call providers.
While the goal of implementing a remote symptom monitoring system was achieved, it did not change provider behavior or prompt symptom treatment intensification. Patients in this study received initial symptom care during office visits prior to beginning chemotherapy. Standard practice is to provide patients with information about symptom self-care and a variety of prescriptions to treat symptoms that might develop. The reasons that oncology providers did not initiate contacts with patients after receiving alerts are important to understand if symptoms outcomes are to improve. Lack of follow-up may happen because busy practices do not allow sufficient time for staff to interact with unscheduled patients. This constraint may be due to oncology work force shortage issues and/or the reimbursement climate that does not allow billing for telephone-based symptom management intensification. Provider as well as patient expectations about their ability to achieve symptom relief after initial symptom treatment also may influence follow-up. Further research is needed to explore system, provider, and patient factors that are barriers to symptom management intensification when initial symptom treatment is inadequate.
Other studies testing automated symptom reporting systems have primarily reported provider and patient satisfaction and usability and most have collected symptom data in the clinic setting during a visit [7, 11, 12, 19] or as a means to collect clinical trial outcomes data without the intent to make it actionable [9] . These studies, like our own, have generally found high levels of patient satisfaction and usability. Provider acceptability has also been reported [15, 16, 20] . There are few studies to date that have reported provider use of automated symptom reports and symptom outcomes. Some studies have found increased discussion of symptoms at clinic visits when automated symptom reports were provided as part of the visit, but unlike our study, these studies did not determine if this resulted in symptom reduction [11, 18, 19] . Given et al. studied metastatic breast cancer patients and found that an automated voice response system that assessed symptoms and directed patients to self-care strategies was more effective in achieving symptom reduction than a comparison group who received live telephone coaching [8] . In a more recent study that paralleled our own in design, Cleeland et al. compared a twice-weekly automated telephone monitoring symptoms after lung cancer thoracotomy with intervention alerts for moderate-to-severe symptoms emailed to the surgical team [16] . The control group reported symptoms but generated no alerts. The intervention group achieved both greater and more rapid symptom reduction and, in contrast to our study findings, 60 % of alerts resulted in a provider-initiated call. There may be differences in the interpretation and response to symptoms by surgeons, vigilant for postoperative complications, and medical oncology providers who may normalize symptoms as an expected part of chemotherapy treatment.
A potential limitation of our study was the relatively small number of oncology practices and providers involved. Provider attitudes could be shaped by the environment and may not be generalizable to symptom care in oncology overall. However, practices included both community and academic settings in two separate states with no observed difference in study results based on providers or practices. A second limitation is that the sample was predominantly female, and men were more likely than women to consent but never call after enrolling (18 % male vs 8 % female). However, when specific aim 1 was analyzed stratified by gender, there was no difference in the lack of symptom relief for either men or women. Another potential limitation is that data on unplanned patientprovider-initiated contacts and whether symptoms were discussed was a patient-reported variable. Recollection of the number and focus of calls and visits may not be accurate although the data were reported within 24 h to a few days of occurrence. Finally, aims 2 and 3 were based on the erroneous assumption that providers would respond to at least some of the alerts. The number of responses was less than expected and the comparative analyses of these data for aims 2 and 3 may be underpowered. However, the more important finding was that providers took no action whether they had automated symptom reports to assist them or not. This should be explored in future investigations.
In conclusion, despite the willingness of patients to use a daily automated telephone symptom monitoring system and providers' receipt of the information, symptom management did not improve, providers did not intensify symptom treatment, and there were no gains in symptom relief. While the study provides support for the use of technology in monitoring patient-reported outcomes, further research is needed to identify and overcome system and provider barriers to symptom treatment intensification.
